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COPPER-GLUCONATE system has been earlier
investigated polarographically- where it was
shown that at PH 4'5, CU(C6HlO07)~- is formed which
decomposes to Cu(C6H907)- between PH 8·0 and
9·0. The second complex is stable between PH 9·0
and 10·0 and then decomposes above PH 11·0. No
copper-gluconate complex is reported below PH 3·0.
A zinc-gluconate complex of the formula
Zn2(C6Hn07)(OHh has been isolated" from the alkaline
solution. We report here the results of PH metric
studies on the Cu-gluconate and Zn-gluconate systems.
Cannan and Kibrick" have determined the stability
constant of Zn(II) gluconate complex to be 50·12.
~or the reaction (1) of Cu2+ or Zn2+ with gluconic
acid, the amount of proton liberated remains the
same when the metal: ligand ratio is increased from
1 :1·25 to 1:5 indicating the formation of 1:1 type
of complex.
M2++HGl~ C+nH+ ... (1)
w~ere M2+, HGl, C and n are Cu2+ or Zn2+, gluconic
acid, complex, and numbers of protons liberated
respecti vel y.
It can be shown as in the case of citrate complexes
of cadmium- and yttrium- and tatrate complexes
of manganese", zinc? and yttrium" that,
~[XaOHJ-a/bMTGI]
eC] = n-a/b ... (2)
where a = k/[H+], b =1 +k/[Hc] (k, the dissociation
constant of gluconic-acid 3 = 2·75 X 10-4).
When the formation of the complex is complete,
[C] = [Metal salt J .
~[XaOH], -~[TGl], [CuS04], [ZnS04], a/b and the
values of ti were calculated as in the case of cadmium
citrate complex+, The complex which is formed
by the coordination of the metal with the carboxylic
and hydroxyl groups of the ligand with the liberation
of proton is stable. The value of n. is >1 beyond
PH 3·75 for Cu(II) and 4·25 for Zn(II). Below these
PH values the formation of the complex C is not
complete and the reaction may be represented as
M2++HGI~C++H+ ('" 3)
and
TABLE 1 - STABILITYCONSTANTSOF V02+ AND Zn2+
COMPLEXESWITH RSH AT DIFFERENT TEMPERATURES
Temp.DC
log K; log J{ 2 log [)
A B A B A B
VANADYL-RSH
4'90 5·14 4·57 4·20 9·47 9'35
4·78 5'10 4·52 4·19 9·30 9·29
4·64 4·95 4'3+ 4·00 8'98 8'96
25
35
45
ZINC-RSH
25
35
45
3·59
3·41
3·29
3'91
3'73
3·66
2·93
2-67
2·56
6·84
6'40
6·22
6·90
6·50
6·22
3'31
3·09
2·93
A = Melchior's extension of Bjerrurn's method. B =
spreading factor method.
the help of standard equations" and are respectiviely
-12·92 kcal/mole, -9·17 kcal/mole, 12·17 cal deg-l
mole+ for vanadyl-RSH system and -9·022 kcalj
mole, -15·47 kcaljmole, -20·93 cal deg-1 mole?
for Zn-RSH system.
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Gluconate complexes of Cu(U) and Zn(II) have been
studied pH metrically. At low pH [<3·75 for Cu(U)
and <4·25 for Zn(U)] the reaction takes place with the
formation of a charged complex, C+, according to the
reaction, M2++ HGI "" C+ + H +, The equltlbrtum
constants for this reaction are 1·33 x 10-2 and 2·41 x
10-2 for Cu(I1) and Zn(I1) systems respectively. At
higher pH, C+ dissociates to form a neutral complex,
C, according to the equation C+ "" C + H +, The equi-
librium constants are 1·58 x 10-5 and 7·18 x 10-9 for
Cu(I1) and Zn(I1) systems respectively. At still higher
pH (pH> 5'0), the complex C dissociates to Ci + H+.
The equilibrium constant has been found to be 1'93 x 10-7
for the Cu(lI) system. The equilibrium constant for the
reaction Cu2+ + Gl" "" C + H+, is found to be 6'31 x 10-4•
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• [C+J[H+]
K = [M2+J[HGIJ ... (4)
Assuming 11 to be 1 below PH 3·75 for Cu(II) and
4·25 for Zn(U), the equilibrium constant K was
calculate~ using Eq. 4 according to the procedure
followed 111 the case of cadmium citrate! and the
values are: 1·19 X 10-2, 1·45 X 10-2 and 1·64 X 10-2
at PH 3·25,3'50 and 3·75 respectively for the Cu(II)
gluconate system. Values of K for Zn(II) gluconate
system are 1-23xlO-2, 2'38x10-2 and 3'62x10-2
at PH 3'25, 3'50 and 3·75 respectively. The mean
values of K are 1·33 X 10-2 for Cu(lI) and 2·41 X 10-2
for Zn(II). The K values of Zn-gluconate complex
agree with those obtained by Cannan and Kibrick3.
In the PH ~ange 4·00-5·00 in the case of Cu(II)
and 6·00-7'40 In the case of Zn(II) , n is greater than
1 and l~ss than 2 respectively. The liberation, of
proton IS caused by the complex formation with
hydroxyl go up of the ligand9 and possibly by the
dissociation of coordinated water molecules. Hence
in this PH range the complex C+ dissociates to C and
H+.
C+~C+H+
K - [Cl[!i~l
1- [C+]
It can be shown as in the case of cadmium-citrate
complex- and manganese tatrate complex? that
K - (n-1)[H+] (7)
1- (2-n) ...
The K, values were calculated by Eq. 7. The values
are: H2xlO-5, l'04x10-5, 2·57x10-5, at pH 4·00,
4·25 and 5·00 respectively for Cu(U) system. The
values for Zn(U) are 7·01 X 10-9, 6·95 X 10-9, and
7·58x 10-9 at PH 6·00, 7·25 and 7·40 respectively.
The mean values of K, for Cu(U) and Zn(II) systems
are 1·58x10-5 and 7·18xl0-9 respectively.
At PH > 5 in the case of Cuffl) complex n values
lie between 2 and 3. The reaction taking place
above this pH can be represented as
C~Cl+H+
It can be shown as before? that
K _ (n -=- 2) [H+]
2- (3-n)
K2 values thus calculated are: 2·69 X 10-7, 1·95 X 10-7
and 1·15 X 10-7 at PH 6·75, 7·0 and 7·25 respectively
for Cu(U) system. The mean value is 1·93 X 10-'.
Calculations were made for the systems containing
metal and gluconic acid in the ratio of 1 :2'5 and 1 :5.
The values of K, K, and K2 for Cu(U) and K and
K, for Zn(II) were found to be the same as those
obtained from 1 :1·25 ratio of metal: ligand, men-
tioned earlier.
K2 values for Zn(U) system could not be calculated
because a precipitate was formed beyond pH 7·4
which contained 34·46% of zinc. This corresponds
to the formula Zn2(CaHl107)(OH)3 as reported by
Pickering and Miller".
The pH titration curve of 1·0 X 10-3 g mole of
CuS04 against 0·1.111' sodium gluconate lies in theHp range 4-5 supporting the formation of both C+
and C complexes. The reaction is represented by
Eq. 10.
Cu2+ +GI-~C+H+
[CJ[H+]
K3 = [Cu2tjeGI-]
There is every possibility of complex C reacting
with the proton, forming complex C+
C+Ht~C+
Above the 1 :1 ratio of metal :ligand, the formation
of complex C is complete.
It can be shown as before that
[CuS04J = [C+J+[C]
[TGI] = x[HGl] + [CUS04]
where
... (5)
... (6)
... (8)
•.. (9)
... (10)
... (11)
... (12)
k
x = 1+ [H+]
and
[C] = [H+] +[HGl] ... (13)
NOTES
[HGI] amd [C] were calculated using Eqs. 12 and
13 respectively. [C+] was calculated by subtracting
[C] from [CuS04]· Kl was calculated and the mean
value was found to be 2·88 X 10-5• Kl values for
Cu(U) system are 1·64 X 10-5, 2·68 X 10-5 and 4·32
X 10-5 at PH 4·20, 4·25 and 4·30 respectively.
Below the 1:1 ratio for the metal-ligand, it
can be shown that [TGI] = x(HGl) +y[C] , where
y = 1+ [H+]
Kl
and [TGl] = y[H+J + [HGI] (x+y).
[C] was calculated according to the above equation
and [C+] was calculated from [C] and K; according
to Eq. 6.[Cu2+J was calculated by subtracting [C]
and [C+] from [CuS04]. K3 values thus calculated
are: 7·79xl0-4, 6·25x10-4 and 4·89xI0-4 at pH
4'50, 4·60 and 4·70 respectively for the Cu(U)
system. The mean value of K3 is 6·31 X 10-4•
K values were calculated using these values of
K3, k and Kl according to the equation, K = K3
X k!K1• The values of K thus obtained are 1·72
X 10-2, 1·38x 10-2 and 1'08x 10-2 at pH 4·50, 4·60
and 4·70 respectively. The mean value of K is
1·39 XI 0-2 which is in agreement with the values
obtained in experiment 1 (1·33 Xl 0-2). Formation
of the complex is complete when metal :ligand ratio
is 1 :5. The liberation of two protons per atom of
copper indicates the formation of a new complex
C1· Same number of protons is also liberated in
the system containing copper and sodium-gluconate
in the ratio of 1: 1·25. This indicates the formation
of 1:1 type of complex.
It was observed earlier that, the formation of
complex C+ is complete above pH 3·75 and it
dissociates to C and H+ in the pH range 4·00-5,00.
Hence in the same pH range it can be shown, as in
the case of manganese tartrate cornplexs, that
[TGI] = [CuS04J +x[HGI]
and
[C~ = [H+J +[NaOH] + [TGI] -;CUS04]
... (14)
... (15)
i:CJ was calculated by the above equation and
[Co] was obtained by subtracting [C] from [CuS0
4
J,
K, values thus calculated are 3·85xI0-5, 3·36xI0-5.
and 3'80 X 10-5 at pH 4'45, 4'50 and 4·55 respectively
and the mean value is 3·67xI0-5.
Above pH 5·0 in the case of Cufl l) system, com-
plex C dissociates to C1and a proton. It can be shown
as in the case of manganese tartrate complexs that
[Ci] +[CuS041 = [H+] +[NaOH] + [TGl]-[CuS04]- x
'" (16)
[Cl] was calculated by the above equation and
[C] was calculated by subtracting [Ci] from [CuSO,].
K2 values calculated as before are: 3·84 X 10-7, 3·22
X 10-7 and 2·71 X 10-7 at pH 6·40, 6·50 and 6.60
respectively and the mean value is found to be 3.26
X 10-7.
The authors are thankful to the UGC New Delhi,
and BSIR, Orissa, for financial assistance .
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Dlmetbyltin reacts with malic acid at low pH formine
a neutral complex which behaves as a dlbasic acid and
dissociates to complexes Ci and Cr at hiiher pH range,
The equilibrium constants of the reactions
(CH3)sSns++ HsML(Malic acid) o?C + 2H+
Co? Ci + H+ and C1o?C~- + H+
are found to be 602 x 10-',1'606 X 10-5 and 1·55 x 10-8
respectively by pH metric titrations.
WE report in this note the results of our studieson the malate complex of dimethyltin.
The ionic strength was kept constant in all the
experiments at O·lM by the addition of potassium
chloride. Dimethyltin dichloride solution was pre-
pared by dissolving a known amount of dimethyl-
tindichloride in a known amount of hydrochloric
acid solution. The acid was neutralized by KOH
after the addition of malate ligand. All the titra-
tions were carried out under nitrogen atmosphere
and at 31°+0'5°.
The number of protons liberated in the systems
containing dimethyltin and malate in the ratios of
1 :1·25 and 1 :5 is the same indicating the formation
of a 1:1 type of complex. The reaction between
the dimethyltin ion and malic acid can be represented
as
(CHa) Sn2++H2ML ~ C+nH+ ... (1)
where H2ML stands for malic acid and C denotes
the dimethyltin malate complex. The charge on
the complex C is not shown to avoid complexity in
subject treatment. The equilibrium constant of
the reaction can be evaluated from Eq. 2.
[C][H+]"
K = [(CHa)2Sn2+][H2ML] ... (2)
It can be shown on the basis of earlier studies on
tartrate and citrate complexes of some metals1-5
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that
A.[NaOH]-a/bA[ML] /b
[C] = n-a ...(3}
where
a - J!L 2-k1k2 • b _ kl klka
- [H+] + [H+]2' - 1+ [H+] + [H+]2
kJ, k2 are the first and second dissociation constants
of malic acid respectively. The values of kl and
k2 are 5·5 X 10-' and 2·1 X 100s respectively. When
the formation of the complex is complete, [C] =
[(CHs)2SnCI2] .
The values of A[NaOH],- A[MLJ, [(CHahSnCI2J
and then n were calculated at different PH values
as done earlier. The values of n are found to be
more than 2 and 3 at and above pH 4·0 and PH 6.6
respectively. [C] was calculated at PH less than
4·0 by Eq. 3. assuming the value of n to be 2. The
values of K were calculated and are 6·43 X 10-7• 6.03
x1Q-7, 5'42xl0-7, 6·23 X 10-7 and 5·98xlO-7 at PH
3,0, 3-1, 3·2. 3·3 and 3·4 respectively.
In the PH range 4,0-6'4. n is between 2 and 3.
Hence. the neutral complex C dissociates according
to Eq. 4.
C ~ Ci+H+ ... (4)
It can be showns that
K _ (n-2)[H+]
1- (3-n) ... (5)
!he values of equilibrium constant K, calculated
using Eq. 5 are 1·06xlO-6, 2·23xlO-s, 2·01 X 10-°,
1'66xlO-s, 1·50x1Q-s and 1·68xlO-6 at PH 4.0,
4·4, 4·6, 4·8. 5·0 and 5·2 respectively. The mean
value of Kl is 1·606 X 10-5•
At higher PH (>6'6), the complex Ci dissociates
to Cf and H+ according to Eq. 6.
Ci' ~ q-+H+ ... (6)
Similarly it can be shown that
(n-3)[H+]
K2 = (7)(4-n) ..
The values of K2 were calculated and are 1·66 X
lo-a. 1·21 X 10-8• 2·03 X 10-~ and 1·29 X 10-8 at PH
6·6, 6·8. 7·8 and 8-0 respectIvely. Mean value of K
thus obtained is 1'55 X 10-8. 2-
Th~ <l:moun.tof acid liberated is same in the system
con.ta1rung dimethylrin and sodium malate in the
ratios of 1 :1·25 and 1:5 indicating the formation
?f 1:1 c~mpl~x. At PH values of 8·0, 8·5 and 9.0,
in the t itrat ion of system containing dimethyltin
and sodi~m malate in the ratio 1 :5. the number of
protons hberated p_er g atom of dimethyltin is 1.55,
1·6 ~d. 1'7 r~spectIv~ly. In the. titration of system
contam~n~ dimethyltin and malic acid in the ratio
.1:1,25, It IS found that the complexes C and C- exist
in the PH range 3,8-6,4. 1
Therefore. [(CHa)2SnCI2] = rCJ+[CiJ
It can be shown as before -that
[MLJ-rM] = x[HML-] ... (8)
where
